The first oxidative transformations of 3β-acetoxy-21β-acetyl-20β,28-epoxy-18α,19βН-ursane at the 21β-acetyl reaction center were performed. Ursane-type 1,2,4,5-tetraoxanes were synthesized by acid-catalyzed peroxy-condensation with cyclohexanone bis-hydroperoxide, and oxidation of the C(28)H 2 group to C(28)=O was also observed. The ursane-bearing exogenous oximino-moiety was formed as a mixture of syn-and anti-isomers (1:1). Oxidative chlorination of oxime via NaCl/oxone led to the diastereomeric mixture of novel (R) and (S)-gem-chloronitro-derivatives (1:1). The stereochemistry of oximino-and gemchloronitro-derivatives was established through X-ray analysis and NMR spectroscopy.
Pentacyclic triterpenoids represent a wide class of natural compounds and are a convenient platform for developing new biologically active derivatives [1] . Among them new ursane-type triterpenoid 3β-acetoxy-21β-acetyl-20β,28-epoxy-18α,19βН-ursane 1 was synthesized from available allobetulin in one step and found to be active against human papilloma virus (HPV 11) [2, 3] . This compound is a unique semisynthetic triterpene, which represents a promising platform for the development of pharmacologically active molecules. For example, its 2,3-indole derivative revealed cytotoxicity against SR and K-652 leukemia cells [4] . Thus, the aim of this work was to determine the reaction pathway of triterpenoid 1 in the presence of such oxidative reagents as oxone and bishydroperoxide and to synthesize new derivatives bearing peroxyand nitro-chloro-fragments. Because of the high ability of triterpenes to rearrangements [5, 6] , such reactions are still a nontrivial task.
Here in we report two oxidative transformations of the above triterpenoid 1 at the carbonyl center of the 21β-acetyl-moiety. We have introduced gem-chloronitro-and 1,2,4,5-tetraoxane pharmacophore fragments, which are practically undescribed in terpenoid chemistry due to a small set of synthesis methods. For example, the synthesis of nitrotriterpenoids is studied in [7] [8] [9] and direct nitration by HNO 3 is described in [10] [11] [12] [13] . Notably, oleanolic acid C28-nitrovynil-derivative was cytotoxic against HepG2 and Col-02 cells [14] , whereas triterpenoidal peroxides showed cytotoxicity toward to numerous cancer lines [6, 15, 16] . On the basis of 28-oxoallobetulone, we have recently obtained 1,2,4,5-tetraoxane by the reaction of acid-catalyzed peroxy-condensation [5] , and 3-chloro-3-nitro-28-oxoallobetulin by the reaction of oxidative chlorination [6] . At the first stage by the classical reaction of 1 with NH 2 OHꞏHCl under refluxing in pyridine we obtained oxime 2 as a mixture of syn-and anti-isomers with 89% yield (Scheme 1). Separation of isomeric oximes into individual compounds was impossible due to their very similar chromatographic mobility. The NMR results were confirmed by the X-ray diffraction study of compound 2 (Figure 1 ). Subsequent oxidation of 2 with oxone in the presence of NaCl [17, 18] in CHCl 3 -H 2 O media led to the gem-chloronitro-derivative 3. The reaction product was crystallized from hexane and its X-ray analysis revealed the presence of a mixture of two diastereomers. Such result was correlated with the previous literature data [19] . Two-component solvent system and absence of wet Al 2 O 3 didn't have significant influence on the reaction pathway and the set of final products. Total yield of 3 was 72% and according to NMR analysis the ratio of two stereoisomers was 1:1.
Based on the X-ray data ( Figure 2 ) we defined stereo configuration of the gem-chloronitro-moiety in compound 3. Thus, Cl-and NO 2 -substituents were disordered over two positions and racemic mixture of R-and S-stereoisomers was formed in the ratio of 1:3. Additionally, configuration of C21 retained during synthesis [20] .
(R)-gem-chloronitro-diastereomer 3a was isolated in an individual form by chromatographic separation on Al 2 O 3 column (hexane and benzene as eluents) and the yield was 41%. The structure of 3a was established using the NMR two-dimensional correlation methods HSQC, HMBC, COSY and NOESY.
Another oxidative transformation was based on acid-catalyzed peroxy-condensation between compound 1 and cyclohexanone bishydroperoxide (Scheme 1). The reaction was carried out in dry CHCl 3 in the presence of a freshly prepared H 2 SO 4 (conc.) and CH 3 CN mixture (1:10, v/v) at 0°C. Subsequent chromatographic separation of the crude product on a silica gel column afforded diperoxide 4 in 62% yield. As the byproduct, 28-oxo-derivative 5 (17%) was isolated being the result of oxidation at the C28 carbon atom of the compound 4.
Compounds 4 and 5 are the first examples of triterpenic unsymmetrical peroxides based on acetyl-derivatives. Our previous attempt to obtain analogous 1,2,4-trioxolane from 3β,28-di-Oacetyl-29-norlupan-20-one-O-methyloxime by the Griesbaum coozonolysis reaction led to the anomalous product of peroxide rearrangement [21] . The structures of 4 and 5 were determined using 2D NMR spectroscopy.
Finally, as a result of oxidative transformation by interaction of 3β-acetoxy-21β-acetyl-20β,28-epoxy-18α,19βН-ursane with oxone® or cyclohexanone bis-hydroperoxide novel gem-chloronitro-and 1,2,4,5-tetraoxane derivatives were synthesized. The compounds obtained are the first examples for these classes of organic derivatives among ursane group triterpenoids and are of interest for further studies of biological activities, which will be the task of other publication.
Experimental

General:
1 H and 13 C NMR spectra were recorded in CDCl 3 solution using TMS as an internal standard on a Bruker Avance III 500 MHz spectrometer (operating frequency 500 and 125.47 MHz, respectively) or Bruker AM-300 MHz spectrometer (operating frequency 300 and 75.5 MHz, respectively). Chemical shifts are given on the δ-scale. Melting points were determined on a Boetius microtable. Optical rotations were measured on a PerkinElmer241MC polarimeter (Germany) in a tube 1 dm long. TLC was carried out on Sorbfil plates (IMID, Russian Federation), and the solvent system was CHCl 3 :EtOAc (40:1). Compounds were detected by H 2 SO 4 solution (10%) with subsequent heating at 100-120°C for 2-3 min. All reagents and solvents were purchased from Sigma-Aldrich. Compound 1 was synthesized as described previously [3] . Cyclohexanone bis-hydroperoxide was obtained according to [23] .
Synthesis of compound 2:
A solution of 1 (0.53 g., 1 mmol) in pyridine (15 mL) was treated with hydroxylamine hydrochloride (0.14 g, 2 mmol) and refluxed for 3 h. The reaction mixture was poured into HCl solution (150 mL, 5%). The precipitate was filtered off, washed with H 2 O and dried. The residue was purified by column chromatography on Al 2 O 3 (benzene, chloroform and chloroform/methanol mixture 100:1 as eluents) to afford 2. Acetoxy-20β,28-epoxy-21β-(1-(hydroxyimino)ethyl) 
3-
Synthesis of compound 3a:
Oxone® and NaCl (0.29 g, 5 mmol) were added to the solution of compound 2 (0.54 g, 1 mmol) in the mixture of CHCl 3 and H 2 O (20 mL, 3:1 v/v). After stirring for 1 h the reaction product was washed 3 times with water. The organic layer was separated, dried with CaCl 2 and concentrated under reduced pressure. The crude residue was crystallized from hexane followed by column chromatography on Al 2 O 3 (hexane and benzene as eluents) to obtain 3a. -20β,28-epoxy-21β-((R)-1-chloro-1-nitro-ethyl) 
3-Acetoxy
Synthesis of compounds 4 and 5
A solution of 1 (0.1 g, 0.19 mmol) and cyclohexanone bishydroperoxide (0.03 g, 0.2 mmol) in anhydrous CHCl 3 (20 mL) was cooled in a salted ice bath to 0°C, stirred for 15 min and treated dropwise with a freshly prepared cold mixture of CH 3 CN and H 2 SO 4 (0.22 mL, 10:1, v/v). The mixture was stirred for 4 h at 0°C, worked up with NaHCO 3 solution (5%) and washed with brine. The organic layer was dried over CaCl 2 and evaporated. The residue containing compounds 4 and 5 was purified using column chromatography on Al 2 O 3 (hexane and benzene as eluents). 
3-Acetoxy
